(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeendes brevets (11) EP 1 029 943 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

23.08.2000 Bulletin 2000/34 

(21) Application number: 00103073.3 

(22) Date of filing: 15.02.2000 



(51) int. CI 7 : C23C 16/34, C23C 16/30, 
H01L 21/285 



(84) Designated Contracting States: 


(72) 


Inventor: Harada, Masamichi 


AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 




Chigasaki-shi, Kanagawa 253-8543 (JP) 


MCNLPT SE 






Designated Extension States: 


(74) 


Representative: 


AL LT LV MK RO SI 




Kdrtoer, Wolfhart, Dr. et al 






Patent- und RechtsanwSlte Mitscherlich & 


(30) Priority: 17.02.1999 JP 3804199 




Partner, 


06.07.1999 JP 19202699 




Sonnenstrasse 33 






80331 Munchen (DE) 


(71) Applicant: 






Nihon Shinku Gljutsu Kabushiki Kaisha 






Chigasaki-shi, Kanagawa 253-8543 (JP) 







(54) Process for producing barrier film 

(57) A thin nitride film having a low resistance is 
formed at a low film-forming temperature. 

In the step of forming a thin nitride film 24 of a high 
temperature-melting point metal by introducing a feed- 
stock gas having the high temperature-melting point 
metal and a reductive nitrogen-containing gas having a 
nitrogen atom into a vacuum atmosphere, an auxiliary 

20 



reductive gas free from nitrogen is also introduced. The 
high temperature-melting point metal deposited due to 
the auxiliary reductive gas compensates for the defi- 
ciency of the high temperature-melting point metal of 
the deposited nitride and thus enable the growth of the 
thin nitride film 24 having a low resistance. 



Fig.l (b) 
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Description 

FIELD OF THE INVENTION 

[0001 1 This invention relates to the technical field of 
metal interconnecting for semiconductor devices More 
particularly, it relates to a process for producing a bar- 
rier film which is to be located between a copper inter- 
connecting film and an insulation film, a barrier film 
which is to be located between a film containing Si, 
GaAs, etc. and a metal interconnecting for preventing 
sihcidation, and a barrier film which is to be located 
between a highly dielectric film or a ferroelectric film and 
an electrode. 

BACKGROUND OF THE INVENTION 

[0002] In recent years, it has been required to more 
and more speed up the operations of semiconductor 
devices. To satisfy this requirement, studies have been 
undertaken on low-resistant copper interconnects as 
a substitute for aluminum interconnects. 
[0003] However, copper occurs as an impurity in 
semiconductor crystals. In addition, it suffers from a 
problem of having a large diffusion coefficient in silicon 
crystals or silicon oxide. Therefore, it has been a prac- 
tice that a thin film comprising the nitride of a high tem- 
perature-melting point metal (a thin tungsten nitride film 
etc.) is formed as a barrier film on the surface of a sili- 
con substrate or a thin silicon oxide film and then a cop- 
per interconnecting film is formed on the surface of the 
barrier film. 

[0004] To form such a barrier film, the sputtering 
method, the heat CVD method or the PE-CVD method 
is used. In the sputtering method, a high temperature- 
melting point metal is employed as a target. In the heat 
CVD method, a thin nitride film is formed by the follow- 
ing reduction reactions. Formula (1) shows a case 
wherein tungsten is used, while formula (2) shows 
another case wherein titanium is used. 



no uniform barrier film can be formed in a viahole with a 
high aspect ratio by this method. 
[0007] By the heat CVD method, on the other hand 
a uniform barrier thin film can be formed in a viahole' 
s However, the upper limit of the film-forming temperature 
in the heat CVD method resides in 400 to 500°C, since 
the dielectric constants of interlayer insulation films with 
low dielectric constants would be increased when 
exposed to a high temperature exceeding 500°C At 
io such a low film-forming temperature, the resistivity of 
for example, a thin tungsten nitride film attains several 
thousand ui 2cm, which makes it impossible to give bar- 
rier films with low resistance. 

[0008] With respect to the CVD methods, barrier 
is films with low resistance can be formed at a low temper- 
ature by the MOCVD method with the use of organome- 
tallic compounds or the plasma CVD method. However 
the organometallic compounds are expensive, while the 
plasma CVD method has a problem of achieving only 
20 poor step coverage. Thus, these methods are not usa- 
ble in practice. 

SUMMARY OF THE INVENTION 



4WF 6 + 8NH 3 2W 2 N + 24HF + 3N 2 (1) 

TiCI 4 + NH 3 TiN + 2HCI + 1/2H 2 (2) 

[0005] In case of forming a semiconductor device 
with multi-layered interconnecting, it is needed to lami- 
nate copper interconnectings while inserting interlayer 
insulation films between them. In a semiconductor 
device to be operated at a high speed, the resistance of 
the copper interconnectings as well as the capacity of 
the interlayer insulation films and the resistance of the 
barrier films should be lowered so as to minimize signal 
transfer delay. More concretely speaking, a barrier film 
should have a resistance as low as 200 to 300 u^cm 
[0006] Although a thin nitride film having a low 
resistance can be formed by the sputtering method 
only poor step coverage can be achieved thereby. Thus 



25 [0009] The present invention, which has been 
made to overcome the above-described troubles 
encountering in the conventional art. aims at providing a 
barrier film having a value of low resistivity and good 
step coverage. 

30 [001 0] The present inventors analyzed thin films of 
high temperature-melting point metal nitrides formed by 
the conventional heat CVD method and, as a result 
found that the high temperature-melting point metai 
atoms were provided only in an insufficient amount In 
35 the case of tungsten, for example, a tungsten nitride in 
the conventional art fails to establish the stoichiometric 
composition (W 2 N) but shows a composition W X N 
wherein x ranges from about 1.5 to 1.6. It is assumed 
that such insufficient supply of metal atoms in a nitride 
40 might worsen the crystallinity of the thin nitride film 
thereby elevating the value of the resistance. 
[0011] in the present invention which has been 
completed based on the above-described finding 
attempts are made to approximate the composition of 
45 the nitride of a high temperature-melting point metal 
closely to the stoichiometric level. To achieve this object 
the present invention relates to a process for producing 
a barrier film which comprises the steps of providing a 
substrate in a vacuum atmosphere, introducing a feed- 
so stock gas having a high temperature-melting point metal 
in its structure and a reductive nitrogen-containing gas 
having a nitrogen atom into said vacuum atmosphere 
and forming a thin film of the nitride of said high temper- 
ature-melting point metal on said substrate, wherein a 
55 nitrogen-free auxiliary reductive gas is introduced into 
said vacuum atmosphere. 

[001 2] The present invention relates to the process 
for producing a barrier film, which involves the step of 
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introducing said auxiliary reductive gas together with 
said feedstock gas and said nitrogen-containing gas 
into said vacuum atmosphere. 
[001 3] The present invention relates to the process 
for producing a barrier film, which involves the step of 
introducing said feedstock gas and said nitrogen-con- 
taining gas into said vacuum atmosphere without intro- 
ducing said auxiliary reductive gas. 
[0014] The present invention relates to the process 
for producing a barrier film, wherein, in the step of intro- 
ducing said auxiliary reductive gas together with said 
reductive nitrogen-containing gas and said feedstock 
gas, said reductive nitrogen-containing gas is intro- 
duced at a flow rate once or more higher than the flow 
rate of said feedstock gas, and said auxiliary reductive 
gas is introduced at a flow rate once or more but not 
more than 10 times higher than the flow rate of said 
reductive nitrogen-containing gas. 
[001 5] The present invention relates to the process 
for producing a barrier film, wherein, in the step of intro- 
ducing said auxiliary reductive gas together with said 
reductive nitrogen-containing gas and said feedstock 
gas, said reductive nitrogen-containing gas is intro- 
duced at a flow rate once or more but not more than 5 
times higher than the flow rate of said feedstock gas, 
and said auxiliary reductive gas is introduced at a flow 
rate 2 times or more but not more than 10 times higher 
than the flow rate of said reductive nitrogen-containing 
gas. 

[001 6] The present invention relates to the process 
for producing a barrier film, wherein, in the step of intro- 
ducing said auxiliary reductive gas together with said 
reductive nitrogen-containing gas and said feedstock 
gas, said auxiliary reductive gas is introduced at a flow 
rate once or more but not more than 15 times higher 
than the flow rate of the feedstock gas having said high 
temperature-melting point metal. 
[001 7] The present invention relates to the process 
for producing a barrier film, wherein, in the step of grow- 
ing the thin film of the nitride of said high temperature- 
melting point metal, a diluent gas not reacting with said 
high temperature-melting point metal and a gas having 
an oxygen atom in its chemical structure are introduced 
so that the pressure of said vacuum atmosphere is reg- 
ulated to 1 Pa or more but not more than 100 Pa. 
[0018] The present invention relates to a process 
for producing a barrier film which comprising the steps 
of forming a barrier film made of a thin nitride film of a 
high temperature-melting point metal on a substrate, 
wherein the surface of said substrate is exposed to a 
plasma of hydrogen and a plasma of at least one gas 
selected from among argon, nitrogen and helium gases 
and then the thin film of the nitride of said high temper- 
ature-melting point metal is formed on the surface of the 
substrate. 

[001 9] The invention relates to a barrier film having 
a thin film of the nitride of a high temperature-melting 
point metal, wherein said thin nitride film has a content 



of said high temperature-melting point metal exceeding 
the stoichiometric composition ratio thereof. 
[0020] The invention relates to a barrier film having 
a thin nitride film a high temperature-melting point metal 
5 formed on a substrate and aiming at preventing the dif- 
fusion of metals in a thin interconnecting film formed on 
said thin nitride film, wherein said thin nitride film is free 
from silicon. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] 

Figs. 1(a) to (e) show the first half of a flow chart 
is illustrating the process of the present invention. 

Figs. 2(f) to (h) show the second half of a flow chart 

illustrating the process of the present invention. 

Figs. 3(i) to (j) show the latter half of a flow chart 

illustrating the process of the present invention. 
20 Fig. 4 shows an example of a CVD apparatus by 

which the process of the present invention can be 

embodied. 

Fig. 5 is a graph which shows relationships 
between the resistivity of a thin tungsten nitride film 
25 formed by the process of the present invention and 
the flow rates of the feedstock gas, the reductive 
nitrogen-containing gas and the auxiliary reductive 
gas. 

Fig. 6 is a graph which shows a change in the ele- 
30 mental content of a thin tungsten nitride film formed 

by the process of the present invention depending 

on the SiH4/WF 6 flow rate. 

Fig. 7 is a graph which shows the composition of 

tungsten nitride formed by the process of the 
35 present invention in the depth direction. 

Fig. 8 is a graph which shows the composition of 

tungsten nitride of the conventional art in the depth 

direction. 

40 [0022] In these drawings, each numerical symbol 
has the following meaning: 

20 : substrate 

24,33 : thin nitride films (barrier films) 

45 25 : thin metal film 

27,35 : interconnecting films. 

DETAILED DESCRIPTION OF THE INVENTION 

so [0023] In the present invention which has the 
above-described constitution, a feedstock gas having a 
high temperature-melting point metal atom and a reduc- 
tive nitrogen-containing gas are introduced into a vac- 
uum atmosphere and the feedstock gas is thus reduced 

55 by the reductive nitrogen-containing gas to deposit the 
nitride of the high temperature-melting point metal, 
wherein a nitrogen-free auxiliary reductive gas is also 
introduced into the vacuum atmosphere so as to allow 
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the deposition of the high temperature-melting point 
metal too. 

[0024] Further, a diluent gas and a gas having an 
oxygen atom in its structure (oxygen gas, etc.) are 
simultaneously introduced. As a result, it becomes pos- s 
sible to form a nitride film having improved barrier per- 
formance and further lowered resistivity, compared with 
a case where no oxygen atom-containing gas is intro- 
duced. 

[0025] When the nitride of the high temperature- 10 
melting point metal is deposited at a low temperature, 
the high temperature-melting point metal in the thin 
nitride film becomes deficient. However, the high tem- 
perature-melting point metal atoms deposited by the 
auxiliary reductive gas compensate for the deficiency. 15 
Thus, the obtained thin nitride film has a composition 
wherein the content of the high temperature-melting 
point metal exceeds the stoichiometric level thereof. 
[0026] The amount of the deposited metal may be 
smaller than the amount of the deposited nitride. How- 20 
ever, the auxiliary reductive gas should be introduced in 
a somewhat larger amount than the deposition level, 
since the auxiliary reductive gas is inferior in the reactiv- 
ity to the reductive nitrogen-containing gas. 
[0027] When the auxiliary reductive gas is intro- 25 
duced at an excessively high rate, on the other hand, 
the content of the high temperature-melting point metal 
becomes unnecessarily large and, as a result, the thin 
film exhibits properties close to the properties of the 
high temperature-melting point metal rather than those 30 
of the nitride. When an auxiliary reductive gas contain- 
ing Si is employed, there arises a problem that the con- 
tent of Si in the thin nitride film is increased. Therefore, 
the reductive nitrogen-containing gas, the auxiliary 
reductive gas, the diluent gas and the gas having an 35 
oxygen atom in its structure should be introduced each 
at an adequate rate. 

[0028] For example, ammonia gas (i.e., the reduc- 
tive nitrogen-containing gas) is introduced at rates 1.0, 
2.6 and 5.0 times higher than that of tungsten hexaf luo- 40 
ride (i.e., the feedstock gas) and the ratio of silane gas 
(i.e., the auxiliary reductive gas) to the ammonia gas is 
varied. 

[0029] Fig. 5 shows the results wherein the 
abscissa indicates the introduction rate of the silane gas 45 
expressed by referring the introduction rate of the 
ammonia gas as to 1 while the ordinate indicates the 
resistivity of the thin tungsten nitride film thus formed. 
[0030] As this graph shows, it is preferable that the 
reductive nitrogen-containing gas is introduced at a rate so 
amount once or more larger than the introduction rate of 
the feedstock gas, while the auxiliary reductive gas is 
introduced at a rate 2 times or more but not more than 
10 times larger than the introduction rate of the reduc- 
tive nitrogen-containing gas. 55 
[0031] The practically available resistivity of a bar- 
rier film ranges from about 200 to 300 v& • cm. Thus, it 
can be understood from this graph that the reductive 



nitrogen-containing gas is introduced preferably at a 
flow rate 1 time or more but not more than 5 times 
higher than the flow rate of the feedstock gas and the 
auxiliary reductive gas is introduced preferably at a flow 
rate 2 times or more but not more than 5 times higher 
than the flow rate of the reductive nitrogen-containing 
gas. 

[0032] Fig. 6 shows the elemental content of each 
high temperature-melting point metal nitride at various . 
ratios of the flow rate of the feedstock gas to the flow 
rate of the auxiliary reductive gas in the step of forming 
high temperature-melting point metal nitrides. In this 
case, WF 6 is used as the feedstock gas and SiH 4 is 
used as the auxiliary reductive gas. Oxygen gas is intro- 
duced at 1 .5 seem. 

[0033] As this graph shows, the high temperature- 
melting point metal nitride (WN in this case) contains Si 
when the ratio SiH 4 /WF 6 attains 1 5 or more. This graph 
also shows that W X N thin films are formed within the 
scope of the ratio SiH4/WF 6 of 1 to 15 time. 
[0034] Fig. 7 shows the results of Auger spectro- 
chemical analysis of a thin tungsten nitride film formed 
at a film forming temperature of 400°C wherein the sput- 
tering time given in the abscissa indicates the depth 
from the surface. As this graph shows, much tungsten is 
contained therein (about 4.0 tungsten atoms per nitro- 
gen atom), thereby indicating the effect of the introduc- 
tion of the auxiliary reductive gas. 
[0035] Since the barrier film is oxidized when it is 
taken out into the atmosphere, oxygen is observed on 
the f Dm surface. Although silicon is seemingly contained 
in the film, the content thereof is less than the detection 
limit, i.e., a measurement error. 
[0036] Thus, the resistivity can be lowered by using 
the high temperature-melting point metal in the thin 
nitride film at a level exceeding the stoichiometric com- 
position ratio thereof while sustaining the barrier per- 
formance. 

[0037] In the CMP process, a thin nitride film should 
be adhered closely to the surface of a substrate. When 
the surface of the substrate is cleaned with a plasma of 
at least one gas selected from among argon, nitrogen 
and helium gases, the plasma and the plasma of hydro- 
gen gas, and a plasma of mixed nitrogen, the thin nitride 
film formed on this surface would not peel off even 
under a load of 1 kg/cm 2 , thereby achieving an adhe- 
siveness usable in the CMP process. 
[0038] When the thin nitride film contains silicon, 
the silicon reacts with the high temperature-melting 
point metal (tungsten, etc.) at a high temperature to 
form a silicon compound such as tungsten silicide to 
thereby increase the resistivity. Since the thin nitride film 
of the present invention is free form silicon, no silicon 
compound is formed and thus the resistivity can be sta- 
bilized at a low level, 

[0039] For comparison, Fig. 8 shows the results of 
Auger spectrochemical analysis of a thin tungsten 
nitride film formed by the CVD method of the conven- 
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tional art at a film forming temperature of 400°C. This 
thin film contains about 1 .7 tungsten atoms per nitrogen 
atom, i.e., showing a smaller tungsten content. It also 
shows a high resistivity of 1000 jiHcm or more. 
[0040] In the step of the formation of the thin nitride 
film of the high temperature-melting point metal, it is 
preferable to regulate the pressure to 1 Pa or more but 
not more than 10000 Pa, still preferably 1 Pa or more but 
not more than 100 Pa; 

DESCRIPTION OF THE EMBODIMENTS OF THE 
INVENTION 

[0041] Now, embodiments of the present invention 
will be described by reference to the attached drawings. 
[0042] Figs. 1(a) to (d) show a flow chart which 
shows an example of the embodiment of the present 
invention. In Fig. 1(a), the numerical symbol 20 shows a 
substrate to be treated. This substrate 20 has a semi- 
conductor substrate 21 made of single silicon crystal on 
the surface of which a primary coat film 22 and an insu- 
lation film 23 made of silicon oxide are formed. The pri- 
mary film 22 and the insulation film 23 are provided with 
a hole 31 . The surface of semiconductor substrate 21 is 
exposed at a bottom 32 of the hole 31 . 
[0043] A barrier film is to be formed on the surface 
of this substrate 20. 

[0044] In Fig. 4, the numerical symbol 50 shows a 
CVD apparatus whereby the present invention can be 
embodied. This CVD apparatus 50 has a vacuum 
chamber 51 which is connected to a transport room (not 
shown). The vacuum chamber 51 is provided with a 
substrate holder 53 in the bottom side and an electrode 
55 in the top side. 

[0045] When a barrier film is to be formed on the 
substrate 20 by using this CVD apparatus 50, the sub- 
strate 20 is first brought into the transport room and the 
transport room and the vacuum chamber 51 are evacu- 
ated. Next, a gate valve 52 between the vacuum cham- 
ber 51 and the transport room is opened and then the 
substrate 20 is brought into the CVD apparatus 50. 
[0046] The substrate holder 53 is provided with a 
substrate elevator unit 54 with which the substrate 
brought into the vacuum chamber 51 is placed on the 
substrate holder 53. In Fig. 4, the substrate 20 is thus 
placed on the substrate holder 53. 
[0047] Subsequently, the heater in the substrate 
holder 53 is switched on and thus the substrate 20 is 
heated to a temperature of not lower than 300°C but not 
higher than 400°C. 

[0048] The vacuum chamber 51 is provided with a 
gas inlet system 57 through which argon gas and 
ammonia gas are introduced into the vacuum chamber 
51 each at a prescribed flow rate. By applying a high- 
frequency voltage between the substrate holder 53 and 
the electrode 55, ionized nitrogen and hydrogen are lib- 
erated from the ammonia gas. In this step, the ionized 
argon gas serving as a diluent gas is mixed with the ion- 



ized nitrogen and hydrogen to give a plasma. 
[0049] The insulation film 23 on the surface of the 
substrate 20 is faced closely to the electrode 55. As the 
plasma is formed, the surface of the insulation film 23 
5 and the surface of the semiconductor substrate 21 at 
the bottom of the hole 31 are exposed to the plasma 
and the organic deposits are decomposed (i.e., clean- 
ing). 

[0050] The cleaning is performed at an ammonia 
10 gas flow rate of 75 seem, an argon gas flow rate of 240 
seem, under a pressure of 40 Pa and at a high-fre- 
quency electrical power of 100 W. After cleaning for 
about 50 seconds, the application of the high-frequency 
voltage is stopped to thereby extinguish the plasma. 
15 Although argon (Ar) gas is used in this case, it can be 
substituted by nitrogen (N 2 ) gas, helium (He) gas or a 
mixture thereof. 

[0051 ] Next, the flow rates of the ammonia gas and 
the argon gas are changed and, at the same time, tung- 
20 sten hexaf luoride (WF 6 ) gas, silane gas and oxygen gas 
are introduced into the vacuum chamber 51 through the 
gas inlet system 57 together with the ammonia gas and 
the argon gas. 

[0052] Since the ammonia gas is superior in the 

25 reactivity to the silane gas, the tungsten hexafluoride 
serves as the feedstock gas and the ammonia gas 
serves as the reductive nitrogen-containing gas. Thus, 
the reaction of reducing the feedstock gas proceeds. 
Since the ammonia gas contains nitrogen, tungsten 

30 nitride is deposited on the surface of the insulation film 
23 and on the surface of the semiconductor substrate 
21 in the hole 31 due to the reduction reaction repre- 
sented by the above formula (1). 
[0053] Although the silane gas introduced into the 

35 vacuum chamber 51 also has reductive properties, it is 
inferior in reactivity to the ammonia gas and, therefore, 
serves as the auxiliary reductive gas. Since the silane 
gas has no nitrogen atom, the feedstock gas is reduced 
thereby in accordance with the following formula (3) and 

40 thus metal tungsten is deposited. 

WF 6 + (3/2)SiH 4 -> W + (3/2)SiF 4 + 3H 2 (3) 

[0054] When metal tungsten is deposited, it is incor- 
45 porated into the thin tungsten nitride film under growing. 
That is to say, metal tungsten is supplied during the 
growth of the thin tungsten nitride film. When the thin 
tungsten nitride film grows at a low temperature, the 
deficiency of tungsten is thus compensated for and a 
so barrier film (a thin tungsten nitride f Dm) having a compo- 
sition close to the stoichiometric composition or one 
having a high temperature-melting point metal content 
exceeding the stoichiometric level can be formed. 
[0055] The thin tungsten nitride film may grow 
55 under, for example, the following conditions; substrate 
temperature: 380°C; feedstock gas flow rate: 5 seem; 
reductive nitrogen-containing gas flow rate: 13 seem; 
auxiliary reductive gas flow rate: 39 seem; argon gas 
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flow rate: 240 seem; oxygen gas introduction rate: 1.5 
seem; pressure: 40 Pa. 

[0056] When the feedstock gas is subjected to the 
reduction reaction by the reductive nitrogen-containing 
gas and the auxiliary reductive gas for a prescribed s 
period of time, a thin tungsten nitride film is formed on 
the surface of insulation film 23 and on the surface of 
the semiconductor substrate 21, as shown in Fia 
1(b)24. y * 
[0057] Next, the supply of the reductive nitrogen- io 
containing gas is ceased and the flow rate of the auxil- 
iary reductive gas is increased. Thus, the feedstock gas 
is reduced by the auxiliary reductive gas and metal 
tungsten is deposited. In Fig. 1 ( c ), the numerical sym- 
bol 25 shows a thin metal tungsten film growing on the 75 
surface of the thin nitride film 24. 
[0058] The thin metal tungsten film may be formed 
under, for example, the following conditions; substrate 
temperature: 380°C; feedstock gas flow rate: 20 seem; 
auxiliary reductive gas flow rate: 5 seem; diluent (argon) 20 
gas introduction rate: 240 seem; pressure: 40 Pa. 
[0059] Although the thin nitride film 24 has a favora- 
ble barrier performance against copper, it has a higher 
resistivity than that of the high temperature-melting 
point metal. On the other hand, the film of the high tern- 25 
perature-melting point metal (for example, thin metal 
tungsten film, etc.) has a poor barrier performance 
against copper but has a much lower resistivity than that 
of the thin nitride film 24. 

[0060] When a thin nitride film 24 is formed as a 30 
barrier film and a thin high temperature-melting point 
metal film is laminated thereon as in the above- 
described case, the resistivity can be lowered while sus- 
taining the favorable barrier performance against cop- 
P er 35 
[0061] On the contrary, a thin nitride film may be 
formed on a high temperature-melting point metal film 
or the thin nitride film may be formed as a single layer. 
[0062] After allowing the thin tungsten film 25 to 
grow for 20 to 30 seconds under the above-described 40 
conditions, the substrate 20 is taken out from the CVD 
apparatus 50. Then a thin copper film is grown on the 
surface of the thin high temperature-melting point metal 
film 25 by the metal plating method, the sputtering 
method, etc. In Fig. 1(d), the numerical symbol 26 45 
shows this thin copper film 26. 
[0063] After the formation of the thin copper film 26, 
the surface is abraded by the CMP method to thereby 
eliminate the thin copper film 26, the thin nitride film 24 
and the thin metal film 25 on the insulation film 23. Thus, so 
a interconnecting film 27 made of the thin copper film 26 
is formed in the hole 31. The thin nitride film 24 is 
located between the interconnecting film 27 and the 
semiconductor substrate 21 and between the intercon- 
necting film 27 and the insulation film 23 so as to pre- 55 
vent copper from diffusion. 

[0064] Next, primary films 41 and 43 and insulation 
films 42 and 44 are laminated alternately and the sur- 



face of the interconnecting film 27 is windowed to form 
a hole or a groove, as shown in Fig. 2(g). In Fig. 2(g), 
the numerical symbol 38 shows the groove or hole. The 
interconnecting film 27 is exposed on the bottom of this 
groove or hole 38. 

[0065] Then the substrate 20 is brought into the 
CVD apparatus 50 and a thin nitride film (a thin tungsten 
nitride film) is formed under the same conditions as in 
forming the thin nitride film shown in Fig. 1(b). 
[0066] The numerical symbol 33 in Fig. 2(h) shows 
the thus formed thin nitride film which covers the inner 
face of the groove or hole 38 and the surface of the insu- 
tation film 44 and the surface of the interconnecting film 

t0067] Subsequently, the thin copper film 34 is 
grown by the metal plating method or the sputtering 
method, as shown in Fig. 3(i). Thus, the groove or hole 
38 is filled with the thin copper film 34. 
[0068] Finally, the surface is abraded by the CMP 
method. Thus, an interconnecting film 35 is formed by 
the thin copper film 34 filled into the groove or hole 38, 
as shown in Fig. 3(j). 

[0069] Since the barrier film 33 is located between 
the interconnecting film 35 and the insulation films 42 
and 44, the diffusion of copper into the insulation films 
42 and 44 can be prevented. 
[0070] In the above-described case, a thin tungsten 
nitride film is formed by using tungsten as the high tem- 
perature-melting point metal, ammonia gas as the 
reductive nitrogen-containing gas and silane gas as the 
auxiliary reductive gas. Although tungsten hexafluoride 
is used as the feedstock gas in the above case, it is also 
possible to use W(CO) 6 gas therefor. 
[0071] Moreover, the present invention involves in 
its scope cases where barrier films are produced by 
using high temperature-melting point metals other than 
tungsten and forming thin films of the nitrides thereof 
When titanium (Tl) is used as the high temperature- 
melting point metal, titanium haiide gases (TiF 4 , TiCI 4 , 
etc.) are usable as the feedstock gas. When tantalum 
(Ta) is used as the high temperature-melting point 
metal, tantalum haiide gases (TaCI 5 , etc.) are usable as 
the feedstock gas. It is also possible to use halides of 
Mo or Nb as the feedstock gas. 
[0072] As the reductive nitrogen-containing gas 
containing a nitrogen atom, use can be made of N 2 H 4 
gas, NF 3 gas, N 2 0 gas, etc. in addition to NH 3 gas. 
[0073] As the nitrogen-free auxiliary reductive gas 
use can be made of H 2 gas, Si 2 H 6 gas, PH 3 gas, B 2 hJ 
gas etc. in addition to SiH 4 gas. 
[0074] As the diluent gas, it is also possible to use 
argon gas, nitrogen gas, helium gas or a mixture of 
these gases. 

[0075] The cleaning conditions as described above 
are given merely by way of example. Therefore, the 
cleaning may be performed under different conditions. 
For example, similar effects can be achieved by carrying 
out the cleaning for 60 seconds at an argon gas flow 
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rate of 100 seem, under a pressure of 1 .0 Pa at a high- 
frequency electric power of 150W. 
[0076] After completing the cleaning under such 
conditions, additional cleaning may be performed by 
adding ammonia gas to the argon gas. 
[0077] According to the present invention, a barrier 
film (a thin film of the nitride of a high temperature-melt- 
ing point metal) having a low resistance can be formed 
by the CVD method at a temperature of 500°C or lower, 
in particular, from 350 to 450°C. Therefore, interlayer 
insulation films are not damaged thereby. 
[0078] Furthermore, the thin nitride film is formed 
by the heat CVD method, which makes it possible to 
achieve good step coverage. 

Claims 

1. A process for producing a barrier film which com- 
prises the steps of: 

providing a substrate in a vacuum atmosphere; 
introducing a feedstock gas having a high tem- 
perature-melting point metal in its structure and 
a reductive nitrogen-containing gas comprising 
a nitrogen atom into said vacuum atmosphere; 
and 

forming a thin film of the nitride of said high 
temperature-melting point metal on said sub- 
strate; 

wherein a nitrogen-free auxiliary reductive gas 
is introduced into said vacuum atmosphere. 

2. The process for producing a barrier film according 
to claim 1, which comprises a step of introducing 
said auxiliary reductive gas together with said feed- 
stock gas and said reductive nitrogen-containing 
gas into said vacuum atmosphere. 

3. The process for producing a barrier film according 
to claim 2, which comprises a step of introducing 
said feedstock gas and said reductive nitrogen-con- 
taining gas into said vacuum atmosphere without 
introducing said auxiliary reductive gas. 

4. The process for producing a barrier film according 
to claim 2, wherein, in the step of introducing said 
auxiliary reductive gas together with said reductive 
nitrogen -containing gas and said feedstock gas; 

said reductive nitrogen-containing gas is intro- 
duced at a flow rate once or more higher than 
the flow rate of said feedstock gas, and said 
auxiliary reductive gas is introduced at a flow 
rate once or more but not more than 10 times 
higher than the flow rate of said reductive nitro- 
gen-containing gas. 

5. The process for producing a barrier film according 



to claim 1 , wherein, in the step of introducing said 
auxiliary reductive gas together with said reductive 
nitrogen-containing gas and said feedstock gas; 

5 said reductive nitrogen-containing gas is intro- 

duced at a flow rate once or more but not more 
than 5 times higher than the flow rate of said 
feedstock gas, and said auxiliary reductive gas 
is introduced at a flow rate 2 times or more but 

w not more than 10 times higher than the flow 

rate of said reductive nitrogen-containing gas. 

6. The process for producing a barrier film according 
to claim 2, wherein, in the step of introducing said 

is auxiliary reductive gas together with said reductive 
nitrogen-containing gas and said feedstock gas; 

said auxiliary reductive gas is introduced at a 
flow rate once or more but not more than 15 
20 times higher than the flow rate of the feedstock 

gas having said high temperature-melting point 
metal. 

7. The process for producing a barrier film according 
25 to claim 1, wherein, in the step of growing the thin 

film of the nitride of said high temperature-melting 
point metal; 

a diluent gas not reacting with said high tem- 
30 perature-melting point metal and a gas having 

an oxygen atom in its chemical structure are 
introduced so that the pressure of said vacuum 
atmosphere is regulated to 1 Pa or more but 
not more than 100 Pa. 

35 

8. A process for producing a barrier film for forming a 
barrier film made of a thin film of the nitride of a high 
temperature-melting point metal on a substrate, 
wherein; 

40 

the surface ol said substrate is exposed to a 
plasma of hydrogen gas and a plasma contain- 
ing at least one gas selected from among 
argon, nitrogen and helium gases, and then the 
45 thin film of the nitride of said high temperature- 

melting point metal is formed on the surface of 
the substrate. 

9. A barrier film comprising a thin nitride film of a high 
so temperature-melting point metal, wherein; 

said thin nitride film has a content of said high 
temperature-melting point metal exceeding the 
stoichiometric composition ratio thereof. 

55 

10. A barrier film comprising a thin nitride film of a high 
temperature-melting point metal formed on a sub- 
strate and aiming at preventing the diffusion of met- 
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als in an interconnecting thin film formed on said 
thin nitride film, wherein; 

said thin nitride film is free from silicon. 
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